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1. INTRODUCTION

This manual 1s divided ianto two parts. Section ! constitutes the user
section, describing the overall flow of the codes, input data requirements,
and parameter relations. At the end of the sectiun, a series of sample
problems is given to illustrate the use of the codes. The sarple problems
exercise all parts of the A-STAR codes and serves as a check case for the
installation of the codes on a given machine, The problems are arranged ia
increasing computational complexity. Section 3 provides s detailed
description of all codes and subroutines. The user need not refer te Section
3 or to the analysis in Volume I of this report to successfully install and

execute the programs on a particular computer system.

1.1 Formulation and Method of Scolution

P

A detailed description of the theoretical formulatfon forming the basis
of the A-STAR programs 1is given in Volume I. The analysis 1s based on the
solution of the generalized electric-fieid integral equation {(EFIE) for all
the BQT configurations treated with the method of moments (MM, technicue. The

unknown currents oun the surface of the body and the antennas are expanded in a

PO TP

series of expansion functions appropriate to each oi the major parte of the
BOT configuration: the BOT surfwsce, the caps, the wire radiators, the
junction, and the edge transition regions on the bodv. The formulation ailows
the effect of some or all of these components to be treated. The resulting
analysis and implementing computer programs provide a unified treatment of a

broad class of radiation/scattering problems assocfated with radiators on
asymmetric surfaces.

1.2 Program Features

A partial synopsis of salient features and options of the A-STAR codes 1is
given below:

i
é;
$
)
;é"
i
¢

Flexible body geometry ~ The algorithm can treat a finite-length BOT of aay

asymmetric ¢ross section., The BOY can be open or closed (i,e., capped). The

~aps are assumed to be planar and perpendicular to the axis of translatlon of
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the BOT. Degenerate forms of a BOT contlguration can also be analyzed with
this algorithm such as flat platcas, parabolic and scrare cylinders, and disks

(civeular or noncircular).

Arbitrary aperture antenna placement and excitation - The zlgoritim treats

single or multiple rectangular apertuire (slot) antennas embedded in the BOT
surfece. Location of the antennag can be anywhere on the BOT except the
caps. Spacing between ad jacent apertures can be electrically small. All
apertures can be asymmetric.

Arbi:rary off-surface (wire) antenna placemert and excitation - A wide varlety

of wize antenna configurations such as monopoles and loops, both acztive and

passive, can be treated with these codes. The antennas can be anywhere on or
near the BOT surface. (Locatioa of an antenna on the caps 1s excluded.) The
user can specify the use of a special junction representat”on for the an-enna
attachment points on the B80T, which is of special impor:aunce in the treatment

of parasitic elements.

Surface curteats - The algorithm out, uts the surface currents on the BOT

suxface in spatial and modal form. Both the magnitude and the phase of the t-

and z~directed components are glven.

Choice of polarization and radiation planes - The radiated fields acd the

power galn, normalized to an isotropic radistor, are given in the user-~

specified plar for 6 and ¢ polarization.

Arbitrary choice of sampling points for near fields - The electric and

wmagnetic fields (six components in all) resulting from currents induced by
antennas on a general BOT or induced by iacident flelds are cowmputed at usar-

specified poirts in the vicinity oi the BOT surface.

User-ctriented prograu features -~ The programs are liberally interspersed with

comment statements referring to Volumes I and Il. The codes are modelar, and
error checking is provided for the user at critical steps in the compuration
gsequence, The input data requirements are minimized. All inputs are printed

out for user verification.
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Sample problems -~ The unique features of the algorithm are demonstrated with

E sample problems in Secrion 2.6. The problems have' been test=? and compared
with corresponding results using other methods and available experimental

data.

in applying the analysis to ~ertain cases whera there are abrupt
discontinuities in the BOT surface and at rescnance ccenditions. To achieve
sufficient accuracy, a large number of modes and surface (triangle) expansion

functions may be necessary for these problems.

TR RN

As in all mathematical and numerical modeling, caution must be exercised
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2. US¥R SECTION

The A-STAR computer codes are wricten in FORTRAN IV, consisting of s.x
impedance gen:ration programs (i.e., BOTZSS, BOTZSW, BOTZWW, BOTZSC, BOTZCC,
and BOTZCW), two matrix inveraion programs (i.e., BOTINV and BOTINVA), four EM
signature prediction codes (i.e., BOTAC, BOTRA, BOTSCM, &nd BOTSCB), and one
utility program (BOTSEG) as shown in Pigure 1. All of the programs have user- ‘
oriented iaputs, which can be generated easily for a given problem. Iu ]
addition, binary files are generated for the impedance matrices and the
inverted matrices by several of the programs. Examples demonstrating the
input data and output from each of the programs are discussed in the sample
problems (Sev.ion 2.6).

2.1 Implementation of Computer Codes : i

All of the A-STAR computer codes are writcen in USA Standard FORTRAN 1V,
with the exception of end-of-file (EOF) checks im programs BOTIKV, BOTINVA, §
BOTAC, BOTRA, BOTSCM, and BOTSCB. The Eur checks given in the code listings
in Voluwe III are specific to the compiler used in the program development
(1.e., CDC CYBER 175 system). The functioning of the EOF checks in the
present listings is as follows:

IF EQF(u) a, b

u - unit number to check.
a - statement label to branch to if an ECF is encountered.
b - statement label to branch to i1f an EOF 1s not encountered.

The device unit numbering convention is as followa:

unit number 5 - card reader

unit number 6 - line printer

unit number 7 - binary output file., Each of the six ifmpedance~generating ‘ i
« ..es creates a new binary output file on unit number 7 for storing
impedance matrices. The two inversion codes create a new hinary output
file on unit number 7 for storing the new inverted aystem matrix (see
Figure 1),

! unit number 1 - binary input file. €¥ach of the four EM signature codes

reads the inverted system matrix from unit number 1. The BOTINVA
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-

¥ — P  rom—a

T
R CUPE L a2 .
S T TG L [ T TRRAIINS A TR Y <
e e s T T ey PG LTI 1 gt . o oy .
R —




R PP T

Lt

FRTTY SERY S

el M S ang A o P

v o AT ¥ b L

IR e e SIS o R s s i

i

Ll g o

e ddic

inversion code reads the old inverted system matrix from unit number
l. 7The BOTINV inversion code reads the BOT~BOT impedance matrix from
unit number 1 (see Figure l).

unit number 2 - binary input file, which 18 read by the BOTINVA code. It
should contain the BOT-wire impedance matrix when wires are being added
to the old system watrix, and the BOT-cap impedance watrix when caps
are being added.

unit number 3 - binary imput file, which 1s read by the BOTINVA code.
It should contain the cap-wire impedance matrix if caps and wires are
contained in the new system matrix.

unit number 4 - binary ioput file, which is read by the BOTINVA code. It
should contain the wire-wire impedance matrix when wires are being
added to the old system matrix, and the cap-cap impedance m:.trix when
caps ere being added.
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.

"-—-;_‘,- ,"" ;

User Specifisd Inputs

Body geometry: BOTSEG

© BOT segmentation
& Open/closed {ceps)
& Transition term optian
& Wire antennas {active/passive) User Spacified Outputs
® Jjunctions . - TAC
® Slot antennas - choice of polarization Antenns coupling analysis: 80TAC
l = = Wire an‘ennés
Calculation of EM interaction of 30}V configuration __ ® Slotantennss
® Gensration of impecance matrices
'BOT 2S5 Calculation of radiation patterns: BOTRA
for BOT BOT 2SC — .
oT 2¢C ® Principal polarization/planes
BOT ZSW > ® Slo< antennas
for BOT-wire BOT ZWWw ® Wire antennas
OT ZCW ® Current distribution on body
# Impedance lcading ® Near-field analysis
Calculation of syster mnatrix inverse: Calculation of bistatic scattering: BOTSCB
BOTINV, ROTINVA n
-~ ® Vertical/horizontsi polarization
(Z“)-1 {2% %_ W\ A P @ Arbitrary scattering angles
rAMdH wa) # Current distribution on body
et ) i
A1 .1 ® Near-tield analysis
(ZSS H z’C) z“ ' zSW .:,' z’C
'Zc?. Pe) o (2% Zww { ZWe
’7:5; "E""z'c';,' "E ”é};{-ﬁ | Calculation of monostatic scattering: BOTSCM
- L" ® Vertical/horizontal polssization
® Arbitrary scattering angles

Figurs 1. Major program blocks of A-STAR.
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2.2 BOTSFEG Descriutica

BOTSEG is a utility program, which can be used to segment the BOT
generating curve using a limited set of data points (see coordinate geometry
in Figure 2). The required input data and foruats are described below.

READ(S,1)NPTS,NP
1  FORMAT(2I3)
NPTS - Number of input data points used to describe the 20T

generating curve,

NP - Number of equally spaced BOT generating-curve data points to be %
calculaced. (The calculated data are used as input to the remaining )
BOT programs.) i
DO 100 I = 1, NPTS
100 REAL(5,2)XTAB(1),YTAB(1),XC(I),¥C(I) d
2 FORMAT(4E10.4) !
XTAB(I) - x coordinate of the I-th point on the input curve (meters). a
YTAB{I) ~ y coordinatz of the I-th point on the input curve (meters).
XC(1},YC(I) -~ (metecs) indicate whethar the points [XTAB(I), YTAB(I)]
and [XTAB(I+1),YTAB(J+i)] are connected by a straight-line scgment or
an arc with changing radius. 1If XC(I) = YC(I) = 0, the segment is
straight. Otherwise, [XC(I),YC(I)] 1is assumed to be the center of an

arc with the above end-puints, where the radius changes linearly with é 7
angle from [XTAB(I),YTAR(I)] to [XTAB(I+1),YTAB(I+l)]}, subtending the g
; angle of the triangle formed by the three points. If the three points
: are collinear, the direction of the arc is clockwise.
Example: Consider a cylinder with a cross-section given in Figure 2. The
generating curve for this body can be represented with three puints (NPTS = 3) g
as follows:
b

0 0 0 0
3 1 3 0 !
4 0 0 0 |

BOTSEG is currently dimensioned to handle 100 points on the input curve

resET LRI e e s

and 83 points on the output curve. The NP data points used to represent the

BOT generating curve determine the location and number of triangle functions

et 2

and their derivatives (denoted by arrays T and TP in the codes) used to

discretize the unknowa curreunts on the BOT eurface. As an example, Figure 3

Sty AT L O
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shows a portion of a BOT generating curve defined by points tl’ tz, t3 « o
t, with the triangle functions centered at tys tg, ete. The triangle
functions span five data polnts, with udjacent functions overlapping.

2. - Input Data Description and Farmats

A dectailed description of the Input data required by a'l A-STAR codes
(except the fuversion codes, as described in Section 2.3.8) is given below.
READ statements and formats are listed in the ovder {n which they appear
within the program, followed by a description of the required data.

REAI{5,1)BK

1 FORMAT(EL5.7)

BK ~ Wave number for the problem (met_ers-l).

Arc of radius a

Figure 2. Represantation of a BOT with a cross saction
| formed by a wedge and arc segment.
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2.3.1 BNOT Dats Set

- a a

This data set is required by all programs.

g

READ(5,2) NMODE,NSP,NBAND
2  FORMAT(313)
NMODE - Number of nonnegative modes to be considered (i.e., there will
be 2*NMODE - 1 total modes).
NSP  ~ Number of diagonal bands to be used in each Zit , 27t

]
m,n
tz ’

i Z , and Z°? gubmatrix. NSP=] indicates that only the i
m,n m,n 3 .

diagonal rerms are nonzero in each submatrix; NSP=2 indicates

T ot B sl sl T M

that only diagnonal and ofi-diagonal terms are nonzero, etc.
If NSP » (NP-3)/2, each submatrix is full, where NP is
described below.

NBAND - Number of submatrix diagonal bands to be calculated by
BOTZSS. NBAND=1 indicates that only the diagonal Zm’n
submatrices avre to be calculated., NBAND=2 iudicates that ’

=

-
s g a s A i

' diagonal and off-diagonal Z; , submatrices are to be
»

calculated, etc. 1f NBAND » 2*NMODE-1, the entirte ZBOT matrix
is calculated.

READ(5,3)NP
3 FORMAT(13)

T3 e e

NP - Number of points used to describe the BUT generating curve. i
{NP must be odd.) If the BOT generating curve is closed (i.e.,

the first and last points coincide), the programs will increase

e ———r - a—— o

NP by two and add two points to the generating curve (i.e., the
YB and XB arrays described below). This new t7P should be used
in all definitions invelving NP (e.g., dimensions). !

READ(5,4)(YB(1),I=1,NP) ' i
i
4 FORMAT(10F8.4) !

Y8 - Array of y coordinates for the generating curve (meters). i

READ(S,5)(XB(1),I=1,NP)
5 FORMAT(10F8.4)

XB -- Array of x coordinates for the generating curve (meters). ]




READ(S5,6)BL
6  FORMAT(F8.4)

BL - Half length of the BOT (meters).

2.3.2 Cap Data Set

This data set is required by all programs and 1s used for puttisg end-
caps on the open BOT (see Figure 4).

READ(S5,7)NC,NPR,NE
7  FORMAT(313)
i NC - Number of flat end-caps on the BOT.
NPR - Number of radisl points used to describe each cap. (NPR must

. ; be odd.)
NE - Indicates whether or not the BOT/cap t.ansition term 1is t> be

included. NE=Q indicates no transition terms, and NE # 0O

indicates that the BOT/cap transition term should be used.

=‘ Transition region
o= (optional
F triangie function
L representation)
b
K !
v
1]
1
' x
|
I
b Patch segmentation on caps
Ii : (triangle function representation)
P
| Figure 4. Representation of a cappec! BOT,
|
o 10
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If NE # 0, the programs set NE=NC. This new NE should be
used in all definitions invalving NE (e.g., dimensiors).

If NC=0, the rest of thir data set 1s ignored.

READ{5,8)XC,YC
8 FORMAT(2F8.4)
XC - x coordinate of the cap center (meters).

YC -~ y coordinate of the cap center (meters).

READ(5,9)(2C(1),1I=~1,NC)
9  FORMAT(10F8.4)

ZC - Array of z coordinates for the caps (meters).

READ(S, 10) (RHOC(1),I=1,NPR)
10 FORMAT(10F8.4)

PAOC =~ Array of normalized radial coordinates used to describe
the caps.

(0< RHOC(I)<RHOC(I+i)~l1.)
If NE 40, the following iz required.

READ(5,11) (ZE(I),T=1,NC)
11 FORMAT(10FS.4)

ZE -~ Array of z coordinates that specifies the starting z location
for the BOT/cap transition term (meters). (-BL<2E(I)<BL.)

2.3.3 Wire Data Set

This data set 18 required by all programs.

READ(5,12)NW,NPW,NJ
12 FORMAT(3I3)

NW -~ Number of wire antennas on the BOT. Each antenna must be

represented by an odd number of points.

11
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NPW -~ Total number cf data points representing all of the wire

antennas on the BOT,
NJ ~ NMumber of BOT/wire junction points to be included.

If NW=0, the rest of this data set 1s ignored.

READ(5,13)(XW(1),I=1,NPW)

13 FORMAT(10F8.4)
Xw ~ Array of X coordinates for the wires (meters).

READ(S5,14)(YW(1),1=1,NPW)
14 FORMAT(10F8.4)
YW ~ Array of y coordinates for the wires (meters).

READ(5,15)(ZW(1),1=1,NPW)
15 FORMAT(10F8.4)
W - Array of 2z coordinates for the wires (meters).

RIAD(5,16) (INDW(1),I=1,NW)
16 FORMAT(10I8)
INDW ~ Array countalnling the starting index for each antenna In the XW,
YW, and ZW arrays. INDW(I) is the starting index of the I-th

antenna.

READ(5,17)(RADW(1),I=] ,NW)

17 FORMAT(1CF8.4)
RADW =~ Array containing the radii of the antennas. RADW(I) 1s the

radius of the I-th antenna (meters).
I1f NJ=0, the rest of this data set is ignored.

READ(5, 18)(INDIJW(I),1I=1,RJ)
18 FORMAT(1018)
INDJW -~ Array containing the wire index for each BOT/wire junction.

Each 1ndex must correspond to a wire point which either

starts or terminates an antenna at the BOT surface.

e -y T .

g
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READ(5,19)(RAND(1),I=1,NJ)
s 19 FORMAT(10F8.«)

RADD - Array containing the radius for each junction disk (meters).

READ(5,20)(UXJ(1),I=1,NJ)
20 FORMAT(10F8.4)

2" 2%

. mad e s

READ(5,2 )(UYJ(I),I=1,NJ)
21 FORMAT(10F8.4)

o mae

READ(5,22)(U2J(1),I=1,N])
22 FORMAT(10F8.4)
UxJ,UYJ,U2ZJ - Arrays containing the x, y, and z components,

PR R TLY T

respectively, of the normal vector to each junction
disk. The normal vector naed not be normalized to
unity.

2.3.4 Aperture Antenna Data Set

This data set 1s read only by the BOTRA and BOTAC programs and should be
deleted when running the BOTSCB and BOTSCM programs.

READ(S, 23)NSA
23  FORMAT(I3)

NSA - Number of slot antennas on the BOT.

READ(5, 24} ( 1S{K),K=1,NSA)
24 FORMAT(1018)
1S(K) - Triangle function at which slot antenna K is located
(centered).

; READ(5,25)(Z0(K) ,K=1,NSA)
4
25 FORMAT(10F8.4)

Z20(K) -~ Starting Z coordinate for antemnvna K (meters).

1 READ(5,26)(Z1(K),K=1,N5A)

13




26

27

28

29

FORMAT(10F8.4)
Z1(K) =~ Ending Z coordinate for antenna ¥ {mrters).
(Z0(K) < Z1(X) for all K.)

READ(5,27)(EO(K) ,K=1,NSA)
FORMAT( 10F8.4)

EO(K) — Constant excitation across slot antenna K (EO(K) is complex).

READ(5,28)(TEXC(K),K=1,NSA)
FORKMAT(10F8.4)
TEXC{K) -~ Indicates t excitation on slot antenna K when TEXC(K)=1,0.
Set TEXC(K)=0.0 if antenna X is not excited in the t
direction.

READ(5,29)(ZEXC(K),K=1,NSA)
FORMAT( 10F8.4)

ZEXC(K) - Indicates z excitation on slot antenna K when ZEXC(K)=1.0.
Set ZEXC(K)=0.0 if antenna K is not excited in the 2
direction.

2.3.5. Wire/Junction Voltage Data Set

This data set 18 read only by the BOTRA program and should be deleted

when running the BOTSCB and BOTSCM programs. This data set 1s ignored if

NW=0Q.
READ(5, 30)NWJV
30 FORMAT(13)
NWJV =~ Number of wire and/or junction voltage points.

31

If NWJV = 0, the rest of this data set is igunored.

READ(5,31)(IW(1),I=1,NWJIV)
FORMAT(1018)
W ~ Array coataining the NWJV voltage point indices in the wire
voltage array to be fed. The K-th wire triangle is fed 1f
IW(I)»K. The K-th junction 18 fed if IW(I)=(NPW=-3*NW)/2 + K.

14
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READ(5,32) (EW{ (), 1=],NWJV)
32 FORMAT(10F8.4)

EW - Array containing the NWJV voltages (complex).

2.3.6 Radiation and Scattering Anmalysis Data Set

This data set is read by the BCTRA, BOTSCM, and BOTSCB programs.

READ(5,33)NANG,NT,PHII,THL
33 FORMAT(2I13,2F8.%)

NANG -~ Number of fixend radiation or scattering angles, as defined
by IPLANE below. NANG radiation or scattering natterns will
be calculated.

NT -~ Number of varied radiatfon or scattering angles, as defined by
IPLANE below,

PHI1I - ¢ angle of incident wave (degrees). Used only in BOTSCB
program.

THI  ~ 8 angle of incident wave (degrees). Used ounly in BOTSCB
program.

READ(5,34) (ANG(I),I=],NANG)
34 FORMAT(10F8.4)
ANG -~ Array of fixed radiation or scattering angles, as defined by
IPLANE below,

READ(5,35)(IPLANE(I),I=1,NANG)
35 FORMAT(1018)
IPLANE - Array indicating whether the corresponding element of array
ANG is a ¢ or 0 augle. IPLANE(I)=1 indicates that ANG(I)
is a fixed ¢ angle. 1In this case, ¢ is fixed at ANG(I) and
6 varles between ANGL(I) and ANG2(I) at NT equally spacad
angles. IPLANE(I)=2 indicates that ANG(I) 1is a fixed ©
angle. 1In this case, 6 is fixed at ANG(I) and ¢ varies
between ANG1(I) and ANG2(1).

READ(5,36)(ANG1(I),I=1,NANG)
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36 FORMAT(10F8.4)
ANGl - Array of starting angles (degrees).

READ(5,37)(ANG2(1),I=1,NANG)
37 FORMAT(10F8.4)

ANG2 - Array of ending angles (degrees).

2.3.7 Near~Field Analysis Data Set

This data set is read by the BOTRA and BOTSCB prograums. . '

READ(S5, 38)NTEST
38 FORMAT(I3)
NTEST - Number of test points at which near-field radlation or
scattering 1s to be calculated, NTIEST wnay be set to zerva. ;
Repeat the following NTEST times:

READ(5,39)ZTEST,YTEST, XTEST
39 FORMAT(3F8.4) |
ZTEST - z coordinate of the test point (meters). ‘

YTEST - y coordinate of the test point (meters).

XTEST - x coordinate of the test point (meters).

All of the above user-specified input data are checked for errors by the
A-STAR codes and printed on the line-printer as a given problem is executed.
Ir addition, the BOT generating curve is plotted on the line-printer as a
visual check of the BOT input geometry (the x and y axes use the same scale
for this plot). The codes BOTAC and BOTRA generate plote of the three

principal views of the input geometry (these plots are not to scale). These

plots can be used to check for errors, e.g., in the wire inputs and near-field

it i - ————

points. Definitions of the symbols used in these plots are given -below: :
B -~ BOT generating curve data point i
- Cap center data point }
~ Edge termination data point
Junction data point

- Near-field data point :

»w Z2 & =m0
[}

- Slot antenna termination point

16
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W =~ Wire data point

+ =~ Two or more of the abcve symbels occupy the same line-printer

posgition.

2.3.8 BOT Inversion Data Sets

Tie BOT inversion code (BOTINV) 18 used when the ~ystem matrix to be

inverted coniains the open BOT only.

READ{5, 1)NMODE , NBAND
1 FORMAT(213)

NMODE - Number of nonnegative modes to be used for the inversion i
(i.e., there will be 2*NMODE-1 total modes). '

NBAMD - Number of submatrix diagonal bands to be used during the

inversion of Z30T*

2 submatrices are to be used during inversion.

m,n

indicates that diagonal and off-diagonal 2

to be used, etc,

{s inverted.

READ(5,2)(LOAD(I), I=1,1M)
2 FORMAT(10F8.4)

READ(5,3) (LOAD( L), I=NM+1,2*NM)

3 FORMAT(10F8.4)
LCAD

z divections, at esch triangle peag on the BOT.
LOAD(Nl) contain the t-directed loadings, and LOAD(NM+1) through
LOAD(2*NM) coniain the z-directed loadings, where NM={NP-3)/2

is the numher of triangle functiona on the BOT,

a complex array.

NBAND=1 indicates rthat only the diagonal

1f NBAND > 2*NMODE~1, the entire ZBOT matrix

~ Array containing the BOT surface impedance loading in the t and

ra—

o b e e St 8 e

The following input data are required: .

NBAND=2

submatrices are

m,n

oAb e = ot

o —— e

LOAD(1l) through

LOAD is

Wnen the system matrix to be inverred contains the open BOT with wires :
and/or caps included, the BOTINVA code 1is used. The BOTINVA code carn be used ?
to perform the following types of system matrix inversion:
'
] -
17 i .
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1) Caps can be added to a previously inverted system which dces not
contain caps.

2) Wires can be added to a previously inverted system which does not

contain wires,
The folioviing data are required by BOTINVA:

READ(5, 1)NC,NPR,NE,NW,NPW,NJ
1 FORMAT(613)
fither NC or NW must be zero.
NC ~ Number of end-caps to be added to the system.
NPR  ~ Number of radial points used to describe each cap.
(NPR must be odd).

NE - Indicates whether or not the BOT/cap transition tcrm is to be
included, NE=0 indicates no transitiocn term, and NE # O
indicares that the BOT/cap transition term should be used.

NW - Number of wire antennas to be added to the system.

NPW - Total number of data points representing all of the wire
anteunas.

NJ - Number of BOT/wire junciion points.

If NC # 0, the fnllowing is required:

READ(S,2)(LOAD(I),I=1,NM)
2 FORMAT(10F8.4)

READ(5,3) (LOAD(I), I=NM+1,2%NM)
3  FORMAT(10F8.4)
LOAD =~ Array containing the BOT surface ilmpedance loading in the t and

z directions a2t each triengle peak on the BOT. LOAD(]) through
LJAD(NM) contain the t-directed loadings, and LOAD(NM+1)
through LOAD(2*NM) contain the z~-directed loadings, where NMus
(NP-3)/2 i+ the number of triangle functions on the BOT.
LOAD is a complex array.

18
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i 2.4 Parameter Selection

et &

The choice of most of the parameters ian the foregoling sections is

AP

specified by the user depending upon the expliclit requirements of the ]

[,

problem. For example, NSA is set by the number of slot antennas on the BOT. !

Similarly, BK is determined by the frequency at which the MM/BOT analysis is

-~

carried out. On the other hand, the cholce of some parameters is based upon

the requirements of the MM/BOT theory, as explained below.

The parameter NMODE is set by the length of the BOT. In general, the ]
minimum requirement is that NMODE § 2L/A, where L 1s the (axial) half-length

e A gy 8

e

of the BOT. This requirement 1is comparable tc the MM/BOR analysis requirement ; i

ity Mt .

that the maximum circumferential modes used be n ~ nD/A, where D is the

largest dlameter of the BOR. As a general observation, the accuracy of the :
analysis increases and the spatial resolution of the surface currents on the ; ‘
BOT 1is improved as NMODE is Increased. This trend is particularly true for l
the edge currents. However, practical computer main-memory limitations P

usually set the upper limit oun NMODE.

LM sk e

The parameters NP, NPR, and NPW determine the spacial resolution with

which the BOT generating curve, caps, and wires are described, In general,

vl

the maximum separation between data points should not exceed 0.075i, which is

equivalent to 0.15A between trlangle peaks. As a general principle, the

accuracy of the analysis 1is improved as the separation between data points i3

TR e

decreased.

The parameter ZE(1) indicates the z coordinate at which the BOT/cap
trangition triangle function starts on the BOT., 1In general, ZE(I) should be f

O g L

located on the order of 0.152 from the end-cen (l.e., Z2C(I)).

.+

The parameter RADD(I) specifies the BOT/junction disk radius on the .
BOT. 1In general, RADD(I) should be on the order of 0.15\. %

il

2.5 Progran Dimensions 3 |

The A-STAR programs (Volume II1) are currently configured to handle

problems with the followlng set of parameters. (Some of the arrays are

overdimensioned {n the listings.) . '
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NMODE < 4

NBAND € 2*NMOUE-1

NP < 19 (17 for a closed generating curve)
NANG < 6

NT < 91

NSA < 20

NC < 2

NPR < 5

NW < 2
NPW < 18

NJ < 2

. e e s o

For a different set of input parameters, the minimum dimensions required
for each program are listed below. Table ! containg definitions of the

parameters used as the subscripts in the arrays listed in the dimension I
statements.
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Table 1. DEFINITION OF DIMENSION STATEMENT INDICES

Parameter Definition ] :

KMODE 2*NMODE-1; total number of modes for the

BOT current expansion

LC NC*NM*LR; total number of triangle functions on all end-caps
for one component of current
LE NE*NM; total number of BOT/cap transition triangle functions
LR (NPR-3)/2; number of radfally directed triangle functions on
each cap §
LS NP-3 '
LW (NPW-3*NW)/2; number of triangle functions on the wires
NANG Scattering and radilation analysis data set input
NC Cap data set input
NE Cap data set input
NJ Wire data set input
NM (NP-3)/2; number of triangle functions on the BOT

NMODE BOT data set input

NP Number of polntes on the BOT generating curve (input). If the

curve is closed, use (NP+2) in place of NP in all definfitions
NPLOT 2XNP+2*NCH+NPW+2*NSA+NTEST

e e

NPR Cap data set input

NPW Wire data set input

NSA Aperture artenna data set input i
NT Scattering and radiation analysis data set input i
NTEST Near-field analysls data set 1lnput :
NW Wire data set input |
NWJV Wire/junction voltage data set input ;

21
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COMMON Statement Minimum Dimensions Contained in BOT Programs
COMMON/BOT2/NP,BL, YB(NP) ,XB(NP) ,YB1(NP-1) ,XB1(NP-1)
COMMON/BOT3/TH(NP-1),SV(NP-1) ,CV(NP-1)
COMMON/BOT5/T(4*NM) , TP(4*NM) ,TZ(4*NM)
COMMON/WIREL/NPW,XW(NPW),YW(NPW) ,ZW(NPW) ,XW1 (NPW-1),YWL(NPW~1),ZWL1(NPW-1)
COMHON/WIRE.2/DHW(NPW=-1) ,DXW(NPW-1) ,DYW(NPW-1) ,DZW(NPW~1)

COMMON/WIRE3/NW, INDW(NW+1) , RADW(NW)
COMMON/WIRE4L/LW, TW(4*LW) ,TPW(4*LW) , INDTW(LW)

LOMMON/JUNC1/NJ , INDJW(NJ ) ,RADJ(NJ) ,RADD(NJ) : !
COMMON/JUNC2/TJ(2*NJ),TPJ(2%*NJ) , INDTJ{NJ)
COMMON/JUNC3/XJ(NJ),YJ(NJ),ZJ(NJ)
COMMON/JUNC4/UXJI(NJ ), UYJ(NJ) ,UZJ(NJ)
COMMON/JUNCS5/UXJ1(NJ) ,UYJL1(NJ),UZJ1(NJ)
COMMON/JUNC6/UXJ2(NJ),UYJ2(NJ),UZJ2(NJ) j
COMMON/SLOT1,/NSA, IS(NSA) ,ZO(NSA),Z1(NSA) ‘
COMMON/SLOT2/EO(NSA) , TEXC(NSA) , ZEXC(NSA)
COMMON/LAP1/NC,XC,YC,ZC(NC)
COMMON/CAP2/NPR,RHOC(NPR) ,RHOC! (NPR-1) ,DRHOC(NPR~1) '
COMMON/CAP3/TCR(4*LR) , TCT(4*LR) , TPCR(4*LR) , TPCT( 4*LR) :
COMMON/CAP4/RC(NP) ,RC1{NP-1) ,AC(NP~1),CPC(NP-1),SPC(NP~1) f
COMMON/EDGL/NE ,ZE(NE) , ZBE( 2*NE) }
COMMON/EDG2/TCE(2*NE) ,TPCE(2*NE) ,TBE(2#NE) ,TPBE(2*NE) ?
CCMMON/PLOT1/NPLOT, XPLO'\(NPLOT} , YPLOT(NPLOT) , ZPLOT({ NPLOT) , ISYM(NPLOT) g g

e o P e Bl e e et 2

[ s L o

BOTZS3 Minimum Dimensions i !
, COMEL=” Z(LS*LS),G((NP~1)*NP/2),GB((NP-~1)*NP/2) ; i
: DIMERU TON AIWGHT(NM) , ZWGHT (NM)

B0TZ5% “inlrum Dimensions

CrrLEn Z(LS*{LWHNJ)),G1({NP-1)*(NPW-1)),G2{ (NP-1)*{NPW-1))

BOTZWW . atmwe Dimension
COMPLEX Z(LLW-+NT)#%2)
COMMOIN/WTRE] /NPW,X(NPW, 3}
COMMIN/ #LrE? /WL(NPW-1)
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COMMON/WIRE3/NW, INDW(NW+1) , RADW(NW)

COMMON/WIRE4/TWIRE(LW,4) ,TPW(LW,4) ,UW(NPW-1,3),

COMMOI/ JUNC1 /NJ ,RADJ(NJ) ,RADD(NJ)
COMMON/ JUNC2/TJUNC(NJ,2) ,TPJ(NJ,2)
COMMON/JUNC3/XJ(NJ,3,3) ,WLI(NJ,2)
COMMON/JUNC4/UJ(NJ ,2,3)
COMMON/JUNC5/URT(N.T, 3)

COMMON/ JUNC6/URZ{NJ,3)

DIMENSION IXDJW(NJ),INDTJ(NJ),UXJ(NJ),UYJ(NJ),UZI(NJ)

BOTZSC Minimum Dimensions

COMPLEX Z(LS*(2*LC+LE)),G2((NP-1)*NC*(NP~1)*(NPR-1))
COMPLEX GE( (NP-1)ANE*(NP-1)*2),G2E( (NP~1*NE*(NP-1)*2)

BOTZCC Minimum Dixmensions
COMPLEX Z(4*LC*LC),GS((NP-1)*(NPR~1))

DIMENSION TWGHT(NM*LR),RWGHT(NM*LR),EWGHT(NM*NE/NC)

BOTZCW Minimum Dimensions
COMPLEX Z((2»LC+LE)*(LW+NJ))

BOTINV sinimum Dimensions
COMPLFX Z(K1),2I(K2), LOAD(K3)
DIMENSION WGHT(K3)

DIMENSION NZ(K&)
CUMMON \M,JK(4),LR(KS)

where Kl tkrough K5 depend on NBAND and ars definad below.

NBAND 1

Vres s ame o irE s T

<2*NMODE~} » 2*NMODE-1
K1 0 1SZ% {(2*NMODE-1) {LS*(Z*NMODE—I)}Z
#*(2%NBAND-1)~(NBAND=] ) *NBAND}
X2 Ls2 L52#*( 2%NMODE~1) Ls?
K3 LS LS LS
Ké 0 2%NMCDE-1 0
K5 LS LS LS*(2%NMODE~1)
23
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BOTINVA Minimum Dimensions

The program dimensions depend on the type of matrix inversion being
performed. The four possible types along with the corresponding dimensions
follow:

1) Addition of wires to an open BOT
COMPLEX PI((LS*KMODE)Z),Q(LS*KMODE*(LW-+NJ)),R(LS*KMODE*(LW+NJ)),S((LW+NI)2),
YI(max(LS*LS, (LWHNI)2))
COMPLEX W1l(max(LS*KMODE,LWNJ)),W2(LW+NJ)
COMPLEX LOAD(1)
DIMENSION WGHT(1)
2) Addition of caps to an open BOT
COMPLEX PI((LS*KMODE)Z),Q(LS*KMODE*(Z*LC+LE)),R(LS*KMODE*(Z*LC+LE)),
S((2*LC+LE)2), YI(max(LS*LS,(2*LC+LE)2)
COMPLEX Wi(max(LS*KMODE, 2*LC+LE)),W2(2*LC+LE)
COMPLEX LOAD(2*LC+LE)
DIMENSION WGHT(2*LC+LE)
3) Addition of caps to an open BOT with wires
COMPLEX P1((LS*KMODE+LW+NJ)2),Q( (LS*KMODE+LW-NJ)*(2*LC+LE)),
R (LS*KMODE+LW+NJ ) * (2ALC+LE) ) , 5 ( (2*LC+LE)2),
YI(max(LS*LS, (LW+NJI)2, (2#%LC+LE)2))
COMPLEX W1(max{LS*KMODE+LWHNJ,2*LC+LE)),W2(2#%LC+LE)
COMPLEX LOAD(2*LC+LE)
DIMENSION WGHT(2*LC+LE)
4) Addition of wires to s BOT with caps
GOMPLEX PI((LS*KMODE+2*%LC+LE)2),G( (LS*KMODE+24LC+LE)*(LW+NI)),
R((LS*KMODE+2*LC+LE)*(LW+NJ)),S((LW+NJ)2),
YI(max(LS*LS, (LWNJ)2, (2*LC+LE)Z)
COMPLEX WI(max(LS*KMODE+2*LC+LE,LW+NJ)),W2(LW+NJ)
1 COMPLEX LOAD(1)
" DIMENSION WGHT(1)
BOTAC Minimum Dimensions
COMPLEX Y(MAX(LSALS, (LW+NJ)Z,(2#LC+LE)2))
COMPLEX TAB(NSA*NSA),ZAB(NSA*NSA),WAB(NJ*NJ)
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BOTRA Mis i{nmum Dimensions
COMPLEX Vi{LS),VW(LW+NJ)
COMPLEX GT(K™,GP(NT)
COMPLEX CB(LS*KMODE) ,CW(LW-+NJ),CC(2*LC+LE)
COMPLEX Y(max(LS*L3,(LW+NJ)2Z, (2#LC+LE)2)
COMPLEX RBT(LS),RBP(LS) .RWT{LW+NJ),RWP(LW+NJ),RCT{ 2¥LC+LE) ,RCP(2*LC+LE)
DIMENSION THR(NT),PHIR(NT)
i DIMENSION ANG(NANG),IPLANE(NANG),ANG1(NANG),ANG2(NANG)
SUBROUTINE VWIRE 3
DIMENSION IW(NWJV) 3 l
COMPLEX EW(NWJV)
SUBROUTINE NEARB
COMPLEX GT(NP-1),GZ(NP-1),GIT(NP-1),G1Z(NP-1),H1T(NP~1)

A 1A

————

BOTSCM Minimum Dimensions
COMPLEX STT(NT),SPP(NT),STP(NT),SPT(NT)
CGMPLEX CBT(LS),CBP(LS),CWT(LWNJ), CWP{LW+NJ) ,CCT(2¥LC+LE), CC2(2*LC+LE)
COMPLEX Y(max(LS*LS, (LWHNJ)<, (2#LC+LE)2)
COMPLEX RBT(NT*LS),RBP(NT*LS),RWT(NT#*(LW+NJ)),RWP(NT*(LW+NJ)),
COMPLEX RCT(NT*(2*LC+LE)),RCP(NT*( 2*LC+LE)
DIMENSION THS(NT),PHIS(NT)
DIMENSION ANG(NANG),IPLANE(NANG),ANG!(NANG),ANG2(NANG)

- ]

BOTSCB Minimum Dimensiouns
COMPLEX STT(NT),SPP(NT),STP(NT),SPT(NT)

? COMPLEX CBT(LS*KMODE) ,CBP(LS*KMODE) ,CWT(LW+NJ) ,CWP(L#+NJ), CCT(2#LC+LE),
CCP(2*LC+LE)

COMPLEX Y(max(LS*LS, (LW+NJ)2,(2#LC+LE)2)

COMPLEX RBT(LS),RBP(LS),RWT(LW+NJ),RWP(LW+NJ) ,RCT(2XLC+LE) ,RCP(2*LC+LE)

i DIMENSION THS(NT),PHIS(NT)

] DIMENSION ANG(NANG),IPLANE(NANG),ANGi(NANG),ANG2(NANG)

SUBROUTINE NEARB

COMPLEX GT(NP-1),GZ(NP-1),GIT(NP-1),G1Z(NP-1) ,HIT(NF~1)
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2.6 Sample Problems

In this section, four sample problems are considered to illustrate the
use of the MM/BOT algorithm. Sampie Problem 1 exercises all main-line
programs given in Figure 1 for BOTs having aperture (slot) antennas. The
coordinate generation and specification of antenna location and feed are
demonstrated. The inputs, outputs, and selected intermediate results are
reproduced here in defail to provide a check case for the proper functioning
of the codes., Problem 2 demonstrates the radiation analysis for a monopole
artenna attached to a BOT. Inclusion of the junction effects exer:ises ﬁhe
junction-related parts'of the impedance generating routines together with
those for the wire representation of the monopole., The second and third parts
of Problem 2 demonstrate the analysis for two monopoles, one active and the
other passive, and & loop antenna. In Problem 3, the radiation, near-field,
and coupling aualyses are carried out for aa active and passive monopole
mounted on the trailing end of an asymmetric wing section. Problem 4 utilizes
the scattering analysis routines for a closed cylindrical body. In this
example, the procedures are demonstrated for inclusion of the edge tramgition

region between the caps and the BOT surface.

2,6.1 Problem i: Aperture Antenna on BOT

Consider a right-circular cylinder of 2.76) length and 0.216A radius with
an embedded ¢~polarized aperture antenra at ¢ = 90°, The aperture is fed
uniformly, subtends a 45° opening, and 1s 2.07) long in the axial directlon
(see Figure 5a). For simplicity, consider that the BOT is uncapped. (The
radiation pattern for the capped bedy is substantially the same as for the
present case.)

a) Calculate the power gain patterns in the horizomtal (y = O, 1800) planc
and the roll (6 = t90°) planes in the & and ¢ polarizatiomns.

b) Compute the currents on the cylinder surface.

Solution - The calculations were carried out at 10 MHz (A = 30 m), using four

modes (NMODE=4) to vepresent the BOT currents. The cylinger was represented
by NP=17 points around the circumference.

BOTSEG was executied in a time-share mode (Figure 5b) in order to obtain

the BO1 genervating curve. Flgure 5c lists the input data used to execute the

programs BCTZSS and BOTRA, For reference, the variables of the data sel are




AR i Sa

M

i
H
3
i
1

L m s ass. wEL -

labeled. The aperture coincided with the second triangle function (IS = 2),
and only one triangle function was used to span the aperture (NSA = 1), If a
nonuniform aperture excitation is desired, then wmore triangle functions should
be used to span the aperture, each with a different Eo+ BOTINV was executed
using NMODE=4, NBAND=l4, and zerc surface impedance loading.

Partial outputs from BOTZSS, BOTINV, and BOTRA are shown in Figures 6, 7,
and 8, respectively. The radiation power gaian for the slotted cylinder for
the vertical plane normalized to amn isotropic radiator is summarized in Figure
8a. (The comparison of these results with the MM/BOR analysis is given in
Figure 8 of Volume I.) Partial output of the currents on the cylinder is
plotted in Figure 8b.

The foregoing calculations were carried out at 10 MHz. If the dimensions
of the body (BOT) and the antenna are given initially in terms of wavelength,
any convenient frequency can be chosen in the setup pracedure for carrying out
the computations. If the data are to be compared with range measurements at a
given fraquency, for ease of data interpretation, the calculations also are

done at that frequency.

Figure Sa. Slotted cylinder for Problem 1.
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Figure bb. Exacution of BOTSEG for Problam 1, with triangle functions numbered on the plot.
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Figure 5¢. Input dats for execution of programs used in Problem 1.
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2.6.2 Problem 2: Wire Antenna on BOT

Cousider a right-circular cylinder of 1.0) length and 0.075\ radius, with
a quartet?wave monopole mounted at the cylicder mid-poiat. The antenna is
base-fed.

a) Calculate the power gain patterns in the horizontal (¢ = 0, 1800) plane
and the roll (6 = ¢ 90°) planes in the & and ¢ polarization. Use a capped BOT
representation for the cylinder, including a junction region, but exclude the
edge region between the caps and the BOT.

b) Repeat the foregoing calculations with a parasitic quarter-wave mouno-
pole added, mid-point between the active element and the end of the cylinder.

'c) Repeat the calculations in a) replacing the monopole with a loop, fed
at the midpoint of the cylinder, with an off-set of 0.037A and a total length
of 0.25x.

Solution — The calculations were carried out with A = 0.508 m, uesing four
modes (NMODE=4) to represent the BOYl currents. The cylinder was represented
by NP = 17 points around the circumference. Two end-caps were included {NC =
2) with five points in the radial direction (NPR = 5). Figures 9a-9c list the

input data, including wire coordinates, for casea 2a-2c, respectively.

The three problems were solved by first executing the programs BOTZSS,
BOTZSC, and BOTZCC using the data file in Figure 9a (see Figures 10-11 av. 13-
15 for partial outputs). The open BOT system matrix was generated by
exccuilng BOTINV with MMODE = 4, NBAND = 14, and zero surface loading (see
Figure 12 for a partial output). The closed BOT system matrix was generaced
by executing BOTINVA with NC = 2, NPR = 5, NE = 0, N\W = 0, NPW = 0, NJ = 0,
and zero surface loading (see Figure 16 for a partial output). Next, the wire
impedance matrices for cases 2a-2¢ were generated by executing BOTZSW, BOTZCW,
and BOTZWW using the data “iles listed in Figures Ja-9c, respectively (see
Figures 17-20, 23-25, and 28-30 for partial output). The system matrix for
the closed BOT with wires 18 obtained by executing BOTINVA for each case, The
parameters for case 2a are NC = 0, NPR = 0, NE = 0, NW = 1, NPW = 9, and NJ =
1 (see Figure 21 for a partial output). The parameters for case 2b are NC =
O, NPR = 0, NE = 0, NW = 2, NPW = 18, and NJ = 2 (sez Figure 26 for a partial
output). The parameters for case 2c are NC = O, NPR = O, NE = O, NW = 1, NPW
= 13, NJ = 2 (see Figure 31 for partial outpuat). Once the system matrix for
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the closed BOT with wires is obtained, the final results are calculated by
executing BOTRA with the appropriate data file from Figures 9a-9c (see Figures
22, 27, and 32 for partial output). In each case, the first junction point is
fed. The index of this point in the wire/junction voltage array 1s (NPW-

34NW)/2+1,
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Figure 9&. Input data for execution cf Problem 2a.
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Figure ®b. Input data for execution of Preblem 2b.
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Figure 14. Concluded.
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Figure 15. Partisl output of BOTZCC for Problems 2a-2c.
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Figure 15. Continued.
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Figure 16. Concluded.
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i Figure 16. Partial cutput of BOTINVA for Problems 2a-2c when caps are added to the system matrix.
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Figure 17b. Output of wire input data for Prablam 2b.

LT} NO NJ
13 13 2
wiHg COOmROINATE JUNCTIJIN PARAMLTERS
1w Aw Tei (e 19 HADU JEo uvy yuzy
wldfF | WADwE U1}
1 «N3bl evins] 0,000 1 «LAS0 uUsLOOU 11,0000 0.0000
i e «03d] UMY ULu00D
; ;bR i o
! . - .5 -
5 5 .U)dl «US 10 -us ]
% 3 +U3d4} sun/l0 uale
£ 7 203Y] eunlu subib
: A «3in] «U370 ALY
H 9 suibl U170 ) 1
¥ 1y ee3er w0370 aidl
i 15 +03a] «uS70 -As ¢ |
1 wu3nl «Uelb e1210
13 MURTY su 38l «1e70 e 20850 VeQQ0U },0000 0.000D ;
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Figure 20. Pertial output of BOTZCW for .roblem 2a.
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Figure 22. Purtial cutput o” BOTRA for Pmblem 2a,
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Figure 22. Concluded.
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Figure 26. Partisl output of BOTZCW for Problem 2b.
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2.,6.3 Problem 3: Wire and Aperture Antennas on Wing Section

Consider an asymmetric wing section shown in Figure 33a. 1Two

1/8)A monopoles are mounted on the tralling edge of the wing surfsce. The

half-length of the wing is 1.38A.
a) Calculate the principal plane radiation pztterns for the foregoing i

g monopole at the center of the surface is parasitic. The other is active. The

configuration. Calculate the currents on the BOT surface. ) : )
b) Compute the electric and magnetic near-fields for the system of - 5
radiators at selected points along a line 1/16) from the wing surface.
e¢) Calculate the coupling between the two monopoles in this problem. Next

assume that there are three apartuce antennas (pnlarized along t) on the wing

surface, centered at (t,, z,) and (tg, zB) and having an axfal half-length of : 1

LA and Lg, respectively. Compute the coupling between these slots.

Solutlon - Figures 33b and 33c list the inputr data for the three problems.

| The open BOT system matrix is calculated by executirg BQTZSS and BOTINY. The
wiree are added to the system mairix by executing BOTZiW, BOTZWW, and
BOTINVA. The solution to Problems 3a and 3b is obtafned by exccuring BOTRA
(see Figure 3J4e~34c for partial outputs). The soluticn to Problem 32 is
obtained by executing BOTAC (see Figures 35a-35b for partial outputs).

1/8 X rmonopole at mid-plane element 15 parasitic

Fignr> 333, Asymmetric wing section - Problem .
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Figury 33b. Input data for execution of Problems 3a and 3b.
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Figure 34b. Pertial output of BOTRA for Problem 3b.
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2.6.4 Problem 4: Scattering from a Clesed Cylinder

Cousider a circular closed cylinder of 2.76) length and 0.216) radius.
{The uncapped cylinder of same dimensions is used ia sample Problem 1.)
a) Calculate the monostatic (backscatter) cross section of the body for
horizontal (88) and vertical (¢¢) polarizations as a function of
azimuthal (6) angles.
b) Calculate the bistatic crn~s section of the body for horizontal and
_ vertical polarization as a functloan of 6., Assume the illumination is normal
; (i.e., along 0 = 90).

Solution — Figure 36 lists the input data for the two problems. The closed
BOT system matrix 1s calculated by executing BOTZSC, BOTZCC, and BOTINVA using
the open BOT systems matrix from Problem 1. The solution to Problem 4a 1is
obtained by executing BOTSCM (see Figure 37 for partial output). The solution
to Problem 4b is obtained by executiang BOTSCB (see Figure 38 for partial

; output).
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Figure 36. Input data for execution of Probleras 4a4h.
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3. SYSTEMS SECTION: DETAILED PROGRAM DESCKIPTLONS

A detailed description of each A-STAR program (Figure 1) 1is given below,
including a description of the fiow diagram, subroutine input/output
arguments, and the speclal matrix properties used. A description of the
common variables used in the program, along with storage methods used in
certain arrays, is given in Appendix A. A description of subroutines is given
in Section 3.6.

3.1 BOTZSS Program

BOTZSS generates the impedacce submatrices Z;sn for modes m,n where
?

O <m¢«<NMODE - 1, -m € n € + m, and |& - nf < NBAND. The impedance matrices
are gencrated in the lower triangular portion of Zpgr (Figure 39). Symmetry

TR e

conditjions are then applied 1n BOTINV to till the entire ZgoT matrix, The

structure of the Zpor matrix is as follows:

ot
wregtap oS

24, Z4,0 241
\\
29, 1 \20.0\ Zg 1 Generated by
3 ) B80OT2ZSS
AN
> ¥
S 21, -1 1,0 1,10

\\ = T,

wheve each of the z°%° natrices is comprised 72f four submatrices as follows:
b4

e R e on o A MBS . it P B 1 o

¢
stt

28 zsstz %

m,n myl .
—_ . 3

Zsszt 8822
my;n | m,n




n
-3 -2 -1 0 1 2 3
m
tt ! 12
23, 1-%3;
- T
- ,1! 4,
-m, -n
P
T
tt zt
231 11(23,1)
-1 _; + ; -
Bl &) |
1 ——
T
-, —m tt 12 _!
2001 &0 I
0 -
2t &.. =
%,OJ z(‘)',(' N n, m
B T ESSSS ——
S : \ 23,1 I:(%j)
Generated ' -t(23:1)! 2,11
b - —— e g
§\\\\\\ BOTZSS s
N x
E m n X
[ oot S
S 311 4
% . 'y
| 311 B | §

Figure 39. Zgnt matrix symmetries.

Figure 40 shows the flow diagram for BOTZSS. The equation numbers refer

to the analytical expressions in Volume I of this report.

The computation of the Green’s function kernel takes advantage nf the
fact that Gm,n is syumetric (i.e., Gm,n = tcm,n)’ where t indicates the
transpose operation, Only the upper triangular portion 1is stored, as

indicated in the appendix; hence (Gm,n)i 3 is stored in location
H ]
90
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G(1 + (J-1)3/2) when { < j

and

G(j + (i-1)1/2) when 1 > j.

Read BOT input, compute
parameters, and plot the BOT
generating curve

]

Calculate impedance loading
weights for the BOT and
write these weights to disk

¥

Step modes
—p m = 0 to NMODE - 1
=—-mto+m

¥

Compute Green’s kernel
G, ., and G, matrices

¥

Compute impedance matrix

Z;s‘n, composed of
SStt 58512 852t s522
Zion Zmn - Zmn - and Zoo

'

Write z;‘m to disk and line printer

All
modes

complete
?

Subroutines BOTIN
and PLOTB

{Symmetry conditions applied)

[Equations {A-8), (A-9), (A-11), (A-13)}]*

[Equations (A-3) to (A-6)]"

*See Volume I

§TOP l

Figure 40. BOTZSS flow diagram.
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The section that computes the impedance matrix Zssn uses the following
L]
symmetries:

sgLt sstt
Z =
m,n t' m,n

sstz sszt
mt(zm,n ) n (zm,n ) I

and

sszz 88z2
= )
m,n t' m,n

Thus only the upper triangular portion of each of the Zssnt, ISBZt, ZSStZ,

m,n 7,0 W, "
and Z:siz needs to Le computed. The remalning portion 1s filled usimg t.:e

3
symmetry conditions above.

Since the z~directed currents on the BOT are expanded as ejRIZ/L - (-1 ",
the n=0 mode should not be included, However, in order to maimain a parall:l

treatwent for the t- and z~directed BOT currents, the n=(0 (z~directed nmode 1s
included, yielding

8stz sszt 8822 887Z
Z =27 = 7 = 7 = 0.
mo on mo on

This addition leads to a singular impedance matrix since the n=0 mode z-
directed BOT current coefficients are arbitrary. To circuamvent this
predicament, the BOTZSS program sets zggzz = T, where 1 Is the identity
matrix, and the matrix inversion can ve performed without alteration, which is

equivalent to forcing the n=0 (z-directed) mode BOT curreat coefficients to be

Zero.
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3.2 BOTINV Program

BOTINV fills the Zp,. matrix using the output file from BOTZSS ard
inverts this matrix accordlng to the user‘s sgspecifications. The following

symmetries are vsed to fill Zgor from the partial 25y matrix generated by

BOTZSS (see Figure 39 for NMODE = 4):

in diagonal symmetry (Compute Zism from Z:sn)
» 1]
r-zsst:t i Zsatz— Fzsstt '_ (z%5%%)
n,m n,m m,n | t' m,n
ss |
Z W e e s e — = e - e — . — o
n,m I |
t sstz 8822
z z2525 | g88%e - (22%°%) A
3 , { ,1 Lt m,n i m,n |
Skev symmetry (Compute Zop,-n fTOR Zm,n)
-~ | _1 —~ -
sstt 88tz gstt 882t
-n,-n | z-n,-m zm,n | t(zm,n )
255 = L—-~—-—‘——-——-— = p-_———-L-—-—~
-5, -0 | |
aszt 8822 8stz 882z
-n,-m | Zn ~m t(zm n ) m,n
? ] > »

Figire 41 shows the flow diagram for BOTINV. Three types of matrix

iz ersiors are allowed in BOTINV: total inversion, main diagonal inversion,

Each of these options is described next.

LRl TR

ard partia. inversicn.

L ]

t Total Inve sion - Toial inversion is performed when NBAND > 2*NMODE~l. In
3

% this case, the Zgyp matrix is stored by columns as follows:

¥

;

& sstt 2

L4 (z ) Z({(n + NMODE-])*LS *(2*NMODE-1)

. m,n " 1:

3

®
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v peier

[P

Read NMODE and
NBAND fiom input

Y

Read BOT impedance loading from
input and surface impedance weights
from disk

N Yes

_ Yes

%< NBAND = 1
1

{partial inverse)

<2XNMODE-1
?

No ¢ (total inverse)

Read 2 from disk
by subrﬂgxces, add
suface impedance, and fill
entire 2o matrix, using
the symglce)try conditions

!

Invert Z gor via
Gaussian elimination

¥

\Vrite YT to disk and
line printer by submatrices

v

STOR

1

Read 2 frorn disk

by subn%gr‘;ces, add

surface impedance,and

fill only the submatrices Zmn
where Im-n| <NBAND, using
the symmetry conditions

v

Invert staircase-ty pe
ZgoT (main diagonal.
and bands of submatrices;
via a modified LU
decomposition routine

!

Write YgQT to disk
and line printer by
submatrices

!

STOP

Figure 41. BOTINV flow diagram.
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(main diagonal‘ inversion)

Step m from
0 to NMODE -1

¥

Read main diagonal

=SS H
Zhm submatrix, and

add surtace impedance !

R

ss -
Inven.me\.!a .
Gaussian elimination

1]

Write Y to disk
and line printer

No

Compute Y‘rsn m
Y
from Y mm using

symmetries

v

. $S
Write Y’"!.'m to
disk and line printer

m =
NMODE -1
?

'~

Yes

STOP
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e ammilets LW e - o

+ (3-1)*(2*NMODE-1)*LS

+ (m + NMODE-1)*LS + 1)

(2%%%%)  is stored at (z°%'%) + M .
n,n m,n
’ ij : ij -
(Zsstz) is stored at (235“) + NM*],S*( 2*NMODE-1)
m,n m,n
1j ij
(z°%%%)  is stored at (ZSStz) + MM
m,n m|,n !
Y | v 1j §

Once the Zg,. matrix is filled, it is inverted using Gaussian elimination with
partial pivoting, and written to disk file by submatrices.

Main Diagonal Inversgion ~ Main diagonal inversion is performed when NBAND = 1.

In this case, the individual diagonal submatrices are inverted separately

using Gaussian elimination., For wm # O, the following symmetry is used: 1

, — —
sstt | ,sstz g88tt I _ Zsst:z_.1
~m,-m | ~m,-m Ww,m | m,m
ss
- —_—— e —— - | "“"f‘ ] ]
-n,~m
.ssz2t ' Sg2zz 88zt | 8822
‘- ! Z—u,—m L:Zm,m | m,m
L | ] _

which implies that

ss )—; 38
-m,-n ~m,~m

has the same symmetries. Thus only Zssm is inverted wnere m = 0 to NMODE-l.
™,
The symmetries are used, and the resulting (2*NMODE-1) submatrices are written

to disk file.
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Partial Inversion - Partial inversion is performed when NBAND{2*NMODE-1, and
NBAND#1. In this case, the Zpop matrix is filled only with the 2°°

n

submatrices for which |m-n| { NBAND. The resultfng ZBoT matrix has a

staircase~type structure., The rest of the matrix is sparse. 1If each of the
ss

Zm.n submatrices i{s thought of as an individual element, ZBOT can be
considered as a banded matrix. 2 modified LU (lower-upper triangular)
decomposition can then be used with all arithmetic operations replaced by the
corresponding matrix operations. The result is an L and U matrix which is
also of a staircase-type, but is lower and upper triangular, respectively,
when the submatrices are considered as individual elements. The inverse of
ZggT can be computed using forward and backward substitution, again replacing
arithmetic operations with matrix operations. The result is a full inverted
ZpoT matrix which is written to disk file by submatrices.

s
0
are considered as elements. Only the banded portion is stored. When NMODE = 4

and NBAND = 2 (refer to Figure 41), Zpor 18 stored in the following order:

The Zgor matrix 1s stored by columns, if the individual submatrices Z:

se 88 88 Ss 88 38

23,230 2,230 Zo3,-20 Bg,ap0 Boy a0 Byt v

Each submatrix is stored in LS? successive locations by columns. For the

example above, 288 would start at index LS + 1.

-2,-3

3.3 Description of Impedance Generating Programs
3.3.1 BOTZSW Program

BOTZSW generates the BOT-wire/junction impedance submatrices in Figure 42
for ~-NMODE+! < m < NMODE-1. Each of the Z:w matrices is comprised of up to

four submatrices as follows:

t . '1
st,tl ZSJ,t
m I m
__._r.__.__ . )
st,zl Zsj,z
m
L l .

where t and z correspond to the t~ and z-directed cuirent expansions on the
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BOT, respectively, and w and j ~orrespond to the wire and junction current

expansicus, respectively. T gure 43 shows the flow diagram for BOTZSW.

BOT Wires Junctions  Caps Edge
P A — e A A
n=-2 -1 0 +1
F )
m=-2F - —
zt | 22
- Symmetry used
-1
: 77
BOT 0
/]
///. /i N7
* BOTZSS
+2
Wires +3]
F——Symmetry used
Junctions
Caps +4 » - — T—
BOT2CW
F— Symmetry u %
Edge /2

b 4 3 e Ot -

Figure 42. System matrix structure, with wires and caps,
when the wires are added first.
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Read BOT input, compute
parameters, and piot the BOT
generating curve

!

Reed wire/junction inout
and compute parameters

]

Step modes m = ~ NMODE + 1
to NMODE —- 1

b

Compute Green's kernel matric
between BOT and wire segments

B!

Co.npute BOT-wire impedance
matrix

Any
junctions
present

Compute BOT-junction impedance

pu——

matrix

Write Z:;]"' to disk and line printer

)“\\

A
modes
compliete
?

Subroutines BOTIN
and PLOT8

Subroutine WIREIN

[Equations {A-21)]"

[Equations (A-24a)
and {A-24b)]*

{Equations (A-24), (A-28a)
and {A-28b)1*

Subroutine ZLIST

*See Volume T

Figure 43 BOTZSW fiow diagram.
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3.3.2 BOTZWW Program

BOTZWW generates the wire/junction-wire/junction impedance submatrix Z,

which is comprised of up to four submatrices as follows:

, |
Z™ | 2V
- — ’
|
R

where w ard j represent the wire and junction expansicns, respectively.
BOT.WW usec the symmetry relation 2V o t,_Z"':l. where t indicates the transpose

operation. Figure 44 shows the flow diagram for BOTZWW.

Read wire/junction input .
and compute parameters Subroutine DATAIN

Any
junctions
present

Compute wire-junction impedance
matrix and use symmetrv to obtain| {Table 1, Yolume I}
junction-wire impedance elements

4

Compute junction-junctior
impedJance matrix (Table 1, Volume I}

-+—

v |

Compute wire-wirg mpedanceJ [Table 1, Volume )

mat.ix

. ww ; i
Write Z™ 1o disk and line ] Subroutine ZLIST
printer

STOP

Figure 44. BOTZWW tlow diagram.
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3.3.3 BOTZSC Program

BOTZSC generates the BOT-cap/edge impedanc< submatrices Z:c for

~NMODE+1 < m < NMODE-1l. Each of the Zn matrices 1s comprised of up to six

submatrices as follows:

o

Zsc,tt| zsc,tp sc,te
m l m

R e
Zsc,zt[ zsc,zp |zsc,ze

where the third superscript t or z vr=€_cr3 to the t- ot z-directed expansions
on the BOT, respectively; the fourth superscript refers to the t or p

expansions on the cap, and e refers to the edge expansions.
the flow diagram for BOTZSC.

Figure 45 shows

3.3.4 BOTZCC Program

BOTZCC generates the cap/edge-cap/edge lmpedance submatrix Z°C, which is

comprised of up to nine submairices as follows:

cc,tt‘ ce,tp ‘ cc,te

A Z

ZCCsPL | ,eC,pP | g8 pe

ch,etl zcc,ep ch,ee

where the t, p, and e represent t, p cap, and edge expansions, respectively.

BOTZCC uses the symmetry relations 2z6¢r@&t = tzcc,te and z5€2€P tch’pe,

where t indicates the transpose operation. Figure 46 shows the flow diagram
for BOTZCC.
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Read BL.T input, compute .
parameters, and plot the BOT s”:';t_‘g.';fg BOTIN
geneiating curve an

!

Read cap/edge input and

compuie parameters Sitroutine CAPIN

v

h 4

Step modes m = — NMGDE + 1
to NMODE —~ 1

!

Compute Green’s kernel matrix
: between BOT and cap/edge patches
—

§

Compute BOT-cap impedance (Equation (A-208) — (A-21)]*

matrix

Cap
edges
present

Compute BOT-cap impedance [Equations {A-31a) — (A-31b)]*

matrix

}

L)

Write Z3C to disk and line printer | Subrouting ZLIST

% *See Volume I

modes
complete

Figure 45. BOTZSC flow diagram,
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Subroutines BOTIN

flead BOT input, compute
and PLOTS

parameters, and plot BOT

-~ edge
No transition \
‘ < terms

generating curve
-

Read cap/edge input and .
i compute parameters Subroutine CAPIN

Calculate surface impedance
toading weights for capladge
and write these weights to

disk

Compute Lreen’s kernel celf-term . .
matrix GS for cap patches l[Equauon (A7)
————'_'_—T -

Computd ‘cap-cap ympedance sub-
matrices 2%, 2%, z%. P {Equations (A-16a) —

Z¢cPp

(A-160))

~~ Are

included
?

Yes
{ ng::if-?;:"iggﬂe;ﬂpéggiﬁ' s(Equauom (A-32a) — (A-320)1°

Compute edge-edge impedance
matrix Z°¢

D ——
Use symmetry 10 obtain
submatrices Z¢% and z%¢.P

L_.r Write 2% to disk and line | Subroutine ZLIST
{ printer

Figure 46. BOTZCC flow diagram.

»Gae Volume I
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b 3.3.5 BOTZCW Program

BOTZCW generates the cap/edge-wire/lunction impedance submatrix Z, which

b 1s comprised of up to six submatrices as follows:

Lo prond THRE

whers t, p, and e refer to the t, p cap, and edge expansions, respectively,
and w and j refer to the wive and junction expansions, respectively. Tle
\ interaction between the cap/edge currents and the junction currents is set to

zero (i.e., ZCJ’t 2 ch'p = :ej = 0). Figure 47 shows the flow diagram for

BOTZCW.

3.4 BOTINVA Program

BOTINVA inverts the system matrix when either wires or raps are added to
a BOT using a previously inverted system matrix. The new system matrix to be

inverted can be written in partitioned form as:

|
P
S
|
|

H‘j R

where P is the old system matrix for which P~! already exists on disk, and

Q

5 s

S

SR Dkt i

g

where Q, R, and 8§ are impedance matrices arising from the addition of wires

and/or caps. The inverse of this system ig of the form:

>~
e

< 4

2

ke x-aen,
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i
Read BOT input, compute parameters,
and plot the BOT generating curve

R

Read cap/edge input and
compute parameters

¥

Read wire/junction input and
compute parameters

y

Compute cap-wire impedance

. matrices 2%t and cw.0

Any

junctions

present
?

get ZGA = 2P =0

Subroutines BOTIN
and PLOTSB

Subroutine CAPIN

Subroutine WIREIN

{Equations (A-268) —
(A-260)]°

Compute edge-wire impedance
matrix 2%

. e ————

{Equation (A-33}]*

r— V" ——— ——

Tv—
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Figure 47. BOTZCW flow diagram.




2O,

Any
junctions
present

Set 2% =0

¢

A Write 2 to disk and line )
i > printer J Subroutine ZLIST

]

N sTOP

Figure 47. Concluded.

where

= (s-&o‘lQ)-l
= ~p~lgQn
—Nrp-1

- pol(1-qu).

_ X - =z
'l

Since P~l already exists, the new inverse can be found by matrix multipli-
cation and by calculating the inverses of a matrix having the same order as

S. Pigure 39 shows the system matyix that is obtained when caps are added to
an old system matrix containing an open BOT with wires and junctions. The S
matrix corresponds to the impedance matrix generated by BOTZCC for this

cagse. The same system could be generated by adding the caps first, which

PRI

wouluy result {n a rearrangement of the matrices. In either case, BOTINVA

arranges the watrices properly. Figure 48 shows the flow diagram for BOTINVA,

Ry TR T g s N S
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Read parameters for the old
inverted system matrix from

disk
¥

Read NC, NPR, NE, NW, NPW,
and NJ from input

Are
caps being
added
?

A3
Update parameters for Update parameters or new
new system matrix by system matrix by including
including wires caps
r Check impedance matrix Check impedance matrix
parameters for consistency paramaters for consistency
with new system matrix with new system matrix

e

Read BOT impedance loading
from input and cap surface
impedance waights from. disk

=

!

3 fead the old inverted system
matrix P-1 and the new
impadance matrices Q and S.
R=10Q

| 1
n C A)

Subroutine GETPORS

Figure 48, BOTINVA flow disgram.




[ AR

Are
caps being
added
?

: Add surface impedance
. to matrix S
: v
. Invert the partitioned matrix
Pa Subroutina INVPAR
_ RS
f Write parameters for the new
- inverted system matrix to disk
‘ Write the inverted system
! matrix to disk and Subroutine PUTPQRS
to the line printer
. Fiy ire 48, Concluded.
3.5 Radiation/Scattering Analysis Programs
BOTRA Program ~ BOTRA computes the radiated far and near fileids resulting
from slot and/or wire antennas on the BOT with or without end-caps present
_ (Sections 5 and 6, Volume 1). The presence of wires or caps in the inverted
% system matrix file 18 indicated by asaigning pseudo mode numbers to the wire
5 and cap blocks in the matrix (see Figure 39). Figure 49 shows the flow
diagram for BOTRA.
BOTSCB Program — BOTSCB computes gcattered far and near fields in the
bistatic mode, with or without wires and end-caps present (Section 5.3, Volume

I). Figure 50 shows tne flow diagram for BOTSCB.

BOTSCM Program ~ BOTSCM computes scattered far fields in the monostatic
mode (Section 5.3, Volume 1). Figure 51 shows the flow diagram for BOTSCM.
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. BOTAC Program —BOTAC computes the antenna coupling between slot and wire
i antennas located on the BOT surface (Section 6.3, Volume I). Figure 52 shr

the flow diagram for BOTAC.

Read BOT input, compute .
parameters, and plot the Subroutines BOTIN
BOT generating curve and PLOTB

v

Read cap/edge input and .
compute parameters Subroutine CAPIN

v

Read wire/junction input .
and compute parsmeters Subrouting WIREIN

v

[ Read slot antenna input I Subroutine SLOTIN

¥

If wires are present, read :
wire/junction voitages Subroutine VWIRE

4

Check that system matrix
perametars agree with input Subroutine ORDER
parameters

{
—» Readm.n,and Y, - from disk |

End of tile Yei ( : )
?

No

Determine submatrix type from
the mode numbers m and n

!

Calcutate I, = Z YV, Subroutine MULTYV

Figure 40, BOTRA flow diagram.
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R S
R

ay

Calculate Py = £V, T Subroutine MULTVC

¥
[—>  DOSOIANG = 1, NANG |
Rt

| Set the ¢_and 8 radiation angleq

f .
f —#1 D0 110K =1, NT; fix ¢, and §, |
Subroutines RBOT,
Calculate transfer matrices for RWIRE, and RCAP
$ and 8, {Table 2, Volume I|
Calculate LR,y (8, 6,1 Iy Subroutine MULTYR
for  and ¢ polarizations [Equation (A-34),
Volumea 11
j L Print power for ¢, and 8, j

110 CONTINUE B

v

90 CONTINUE _i

1 o
% ®
E
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(®) — ;

r List and plot currents ]gt%rggtines LPCUR and

—»]{D0 490 ITEST =1, NTesﬂ (Near-field analysis)

R

Compute modal current
coefficients {for x, y, and 2 Subroutines NEARB,
componentsj for the NEARC, and NEARW
electric and magnetic near- [Equati 'n (47 48, 50
fietds. Sum over all modes quations 147, 48, SU,
to calculate the electric- and 62, 65, and 561
magnetic-field components

r Print near-field results j

v
L asocontinue |
v

Plot three views of the .
input geometry Subroutine PLOT

I STOP *See Volume I

Figure 49. Concluded.
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Read BOT input, compute .
parameters, and plot the s“g':tgq%‘ BOTIN
BOT generating curve an

:

l
i

L

Read cap/edge input and .
compute parameters Subroutine CAPIN

v

Read wire/junction input .
and conipute parameters Subroutine WIREIN

!

Check that system matrix e
parameters agree with Subroutine ORDER =
r.".-

input parameters

I - Subroutines RBOT,
[ Calculate transfer matrices RCAP, and RWIRE

l— for incident wave {Table 2, Volume I

it

_’[ Read m,n, and Ym,n from disk J

No

Determine submatrix type from
the mode numbers m and n

5

| Calculate Im = E Ymn R-n (¢'i' oi) Subroutine
for 0 and ¢ polarizations MULTYR

e v s s b 4 e b

Figure 50. BOTSCB fiow diagram.
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——>  DO90IANG-1,NANG |
v

Set the ¢ and Gs scattering angles

T

DO 110K = 1, NT; fix ¢s and Bs

¥

Calculate transfer matrices Subroutines RBOT,
for ¢s and Os RWIRE, and RCAP

} {Table 2, Volume X]

Cleulate Z R 10, 6 I for 66, | subroutine
¢¢. 8¢, and ¢8 polarizations MULTYR

[ Print RCS for 9 and ﬂs ]

¥

— 110CONTINVE |
v

——{ 9oc0|11mus j

List and plot currents

Subroutines LPCUR
and PLOTC

prm——

H_Do 490 {1TEST =1, NTEST] (Near-field anslysis)

y

Compute modal current
coefficients {for x, y, and z
components) for the electic Subroutines NEARB,

and magnetic near-fields. NEARC, and
Sum over all modes to NEARW
calculate the electric- and [Equations 47,48,50,

magnetic-field components 52,55, and 06j*"
resulting from @ and ¢
poiarized incident waves

1

l Print near-field results —l

v
L—L 490 CONTINUE |

sTOP

F.gure 50. Concluded.
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Read BOT inpi:t, compute
parameters, and plot the
BOT generating curve

!

Read cap/edge input and
compute parameters

:

Read wire/junction input

Subrontines BOTIN
and PLOTB

Subroutine CAPIN

and compute parameters Subroutine WIREIN .
l Check that system matrix
parameters agree with Subroutine ORDER
input parameters
—#{ DO 90 IANG = 1, NANG | Rewind Ypqyy dic fil
[ Se: the ¢;and 0, :
l_ scattering angles
[Tabie 2, Volume I)
Calculate transfer matrices | SuDroutines 4
for each dé ' &
(2 o8ch & AndFs 1 RCAP, anc RWIRE i
Tead m, n, and Y ]
Tl m,n
g from disk
Endof-file SN0 g Do 120K = 1, NT ‘
? Fix ¢_and 8 -
r” s H i
Yes — 1 .
- Determine submatrix
Print RCS for each type from the mode numbers
¢, and 05 m and n.
i ;
I Y ] Calcul d 1 {Equation 4 41* ;
alculzte and sum i 5
#0 CONTINUE R _{0.0)V R_ (¢, 6.) for ) .
m s 7T m,nT-n s’ Ty Subroutines MULTYR,
08, ¢, 8¢, and @8 polarizations { and MULTRC
STOP 1
Y
— 120 CONTINUE | }__
r *See Volume 1 :

i ks

Figure §1. BOTSCM flow diagram.
113

Pt sl RB R L e

TR REUPRES SUUE S e




Read BOT input, compute .
parameters, and plot the f::?tg?: BOTIN
BOT generating curve

¥

Read wire/junction input
and compute parameters

v

[—Read slot antenna input‘l Subroutine SLOTIN

b

Calculate slotslot antenna
coupling

Calculate junction-junction
antenna coupling

v

r Plot three views of the
l input geometry

STOP l *See Volume 1

Figure 52. BOTAC ‘low disgram.

Subroutine WIREIN

[Equation 6B}*

{Equation 57]*

]
__} Subroutine PLOT

4.6 Subroutine Descriptions

A description of the subroutines, calied by each of the A-STAR programs
(Figure 1), follows. These subroutines are referenced in the flow diagrams
for the program descriptions. The variable descriptions used In these

routines are given in Appendix A.

BOTIN - Subroutine BOTIN reads the BOT Input geometry from the user input data
(see Section 2.3.1), plots vhe 30T generating curve, and cowmputes all BOT
segmentation parameters used in calculatiuns involving the BOT,

CAPIN - Subroutin: CAPIN reads the cap/edge imput geometry from the user input

data (sce Section 2,3.2) and computes all cap and edge parametevs used in

calculaticns Involvinz the caps and edges.
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CSIMP ~ Subroutine CSIMP is a Simpson Integration routine with a calling

statement:
CALL CSIHP(F,A,B,DEL,IMAX,SI[,S,N,IER).

This routine computes S = fi F(x)dx using the method of successive bisections
of the interval until either a relative error or DEL is achieved or IMAX
bisections have been performed. F must be declared external in the calling

program. The following are returned by CSIMP:

S - Approximate value of the integral.
SIl - Previous approximation to the integral. Convergence has occurred if
|§-—'~S—S—I—l-| < DEL,

N

Number of intervals used in computing S.

IER - Error return. IER = 0 indicates that convergence has occurred.

DATAIN ~ Subroutine DATAIN skips over the BOT and cap/edge input data, reads
the wire/junction input geometry from the user inpnt data (see Section 2,3.3),
and computes all wire and junction segmentation parameters used in

calculations involving the wires and junctions.

GETPQRS - Subroutine GETPQRS retrieves the partitioned system matrix[; g]from

disgk, using the following unit numbers:

i
i
)

I"_l i8 read on unit 1
S is read on unit 4
Q 13 read on unit 2, and 1f both wires and caps are present 1n the system

matrix, an additional part of Q is read on unit 3,

R A L T

The matrix R 18 obtained as the tramspose of Q.

"y

GREEN ~ Subroutine GREEN calculates the Green’s function kernel used in the

calculation of wire~wire lmpedance matrix elements.
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INVBAN - Subroutine INVBAN is a modification of a standard banded matrix

inversion routine using LU decomposition without pivoting, where only the
banded portion is stored by columns. Arithmetic operations were replaced by

.their corresponding matrix operations, and indices were multiplied by Ls?

since the elements were replaced by matrices, The calling statement and ;

arguments follow: ;
CALL INVBAN(LS,NMODE,NBAND,NZ,A,Z,WORK), !

where LS, NMODE and NBAND are described in AppendixlA.
INPUT: NZ -~ Array used for 1ndexiﬁg. In a normal. banded matrix A,
NZ(I) = NZ(I-1) + (the number of zeros below the band in
column I-1) + (the number of zeros ahove the band in column
1), where NZ(1) = 0, If A has order 1 with only the banded
portion astored by columns, then Aij wil. be stored in location
n(3-17 + 1 - NZ(j).
A - Array containing the staircase-type matrix to be inverted,
with storage details described above.
Z =~ Array of length LS2 used as work area.
WORK ~ Array of length LS used as work area.

In addition, three variables are passed in common as follows:

COMMON NM,JK(4),LR,
where
NM -~ Number of triangle functions
JK ~ Work array of length 4
LR - Work array of length LS.

INVPAR ~ Subroutine INVPAR inverts a partitioned matrix of the fom[: g] »
where P71 already exists. The calling statement and arguments follow:
CALL INVPAR(PI,Q,R,S,W,LR,N,M).
INPUT: PI - Matrix containing P~l, and on return it contains the

P

part.tioned part of the inverse.

AR e e

Q,R,S, - Submatrices 1in the partitioned matrix, and on return they
contain the submatrices of the inverse.

116 ;




rTSers

ok gy e

L N e e

W -~ Complex work array of length max (N,M).

LR ~ Work array of length M.
"N = Order or matrix P.
M -~ Order of mwatrix S.

LINEQ - Subroutine LINEQ is a standard matrix inversion routinc using Gaussian
elimination with partial pivoting, with the following calling statemeat and
arguments:

CALL LINEQ(LL,C,LR),

where

LL - Order of matrix to be inverted.
C - Array containing the matrix to be inverted, stored by zolumns. On
output, C contains the inverted matrix.

LR - Array of length LL used as a work space during the pivoting process.

LIST ~ Subroutine LIST prints individual Y submatrices cn the line printer
14
and writes them to a disk file,

LISTA ~ Subroutine LISTA prints individual Ym submatrices that correspond to

1
wires and/or caps, and writes them to a disk file.

LPCUR - Subroutine LPCUR lists and plots the BOT curreats (magnitude and phase
as a function of Z/BL) for each triangle function on the body, and then lists

cap/edge and wire/junction currents.

NEARB - Subroutine NEARB calculates the electric and wagnetic current
coefficlents for cne mode of the BOT current expansion, and for one near-field

test point.

NEARC - Subroutine NEARC calculates the electri: and magnetic current

ccefficients for the caps resulting from one near-field test point.

NEARW -~ Subroutine NEAKW calculates the electric and magnetic curreant

coefficlents for the wires resulting from one near-field test point.
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ORDER - Subroutine ORDER checks that the user input data agree with the
parameters coutained in the gystem matrix disk file, and prints the order in

which caps and/or wires were added to the system.
PLOT - Subroutine PLOT generates an X vs8. y plot on the line prin<er.

r1OTB - Subroutine PLOTB plots the points on the generating curve of the
40T. Points on the BOT corresponding to triangle function peaks are indicated
with a plus sign. The calling statement is
CALL PLOTB(X,Y,N,NR),

where

X = Array of x coordinates to be plotted

Y <~ Array of y coordinates to be plotted

N =~ Number of points to be plotted

NR - Number of lire printer rows to use for the y-axis.
The routine uses 51 columns for the x-axis, with the dynamic range on both the
x and y axes equal. Hence, depending upon the type of line printer used, NR
may have to be adjusted to obtain a plot that is not distorted (i.e,, the x
and y axes have approximately the same phyaical l.agth on the line printer
output).

PLOTC - Subroutine PLOTC plots the magnitude and phase of the currents on a

givan ROT triangle function., The calling statement is as follows:

CALL PLOTC(Y1,Y2),

I8rT: Y¥i - Array containing the current magnitude at 41 equally spaced
z coordinates.
¥2 ~ Array contaioning the current phase at 41 equally spaced

2 coordinatecs.

PUTFLi S ~ Sutvtoutine PUTPQRS writer the partitioned inverted system matrix to
a dick f{ile by submatrices Y, , where m and n are cither BOT mode numbers or
| Rl

pseuty meda numbers corresponding to wires and c2is.
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RBOT - Subroutine RBOT computes the mode-independent part of the BOT transfer

matrices fcor (¢4,0) angles.

RCAP ~ Subrounine RCAP computes the cap/edge transfer matrices for (¢,6)

angles.

RWIRE -~ Subroutine RWIRE computes the wire/junction 2ransfer matrices for
($,9) angles.

SBOTIN = Subroutine SBOTIN skips over the BOT geometry input data.
SCAPIN - Subroutine SCAPIN skips over the cap/edge input data.

SLOTIN - Suoroutine SLOTIN reads the slot antenna input data (see Section
2.3.4).

VBOT -~ Subroutine VBOT computes the BOT voltage array for a given mode number

resulting from the slot antennas on the BOT.

VWIRE - Subroutine VWIRE reads the wire/junction voltages and generates the

wire/junction voltage array.

MIR'IN - Subruutine WIREIN rveada the wire/junction input geometry from the
user imput dat. (see Section 2.3.3) and computes all wire and junction

segmentatlion parimeters used in calculatlons involving the wires and

junctions.
ZLIST - Subroutine ZLIST prints impedance matrices on the line printer by

submatrices according to the type of current expansions contained in the

impedance matrix.
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APPENDIX A: DICTLONARY OF COMMON PROGRAM VARIABLES

(Input variables are described in Section 2.3; equation numbers refer

AC(I)

ANG
ANG1
ANG2
BK
BKL
BL
CB

CBP

CRT

cC

ccp

CCT

CPC(I)

cv(I)

Ccw

to expressions in Vclume 1; page numbers refer to Volume IIL)

- Area of cap triangle formed by connecting the BOT segment I with

the cap center point (XC, YC). The area of the Jth trapezoidal
patch on this cap trianple is then given by AC(I)*(RHOC(J+1)**2
~RHOC(.J)**2},

~ Input array of fixed radiation or scattering angles (page 15).

- Inrut array of starting radiation or scattering angles (page 15).
- Input array of ending radiation or scattering angles (page 16).

~ Wavenumber (meters'l).

- BK*BL.

- Half length of BOT (meters).

- Array contaloning wodal t- and z-directed currents on the BOT

[Equation (2)]. CB [(m + NMODE - 1)*LS + J] contains the t-
directed current for mode m on triangle function J. The z-directed
current is stored in CB [(m + NMODE -1)*LS + J+NM]. Used in BOTRA.

- Array countaining modal t- and z~directed currents on the BOT for a

¢~polarfzed incident wave. See variable CB for storage details.
Used in BOTSCB and BOTSCM.

~ Array containing modal t- and z-directed currents on the BOT ifor a

6-pnlarized incident wave. See variable CB for storage details.
Used in BOTSCB and BOTSCM.

- Array containing t- and p-directed currents on the caps and edge

currents.

- Array containing t- and p-directed currents on the caps and edge

currents for a ¢~polarized incident wave.

~ Array containing t- and p-directed currents on the caps and edge

currents for a 6-polarized incident wave.

- Cosine of ¢p angle for BOT generating curve segment I. {(See Figure

3 of Volume I.) Used when caps are present.

- Cosine of vp angla for BOT generating curve segment I. (See Figure

2 of Volume 1.) CV(J) corresponds to vq on segment J.

— Array containing wire and junction currents.
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CWT
DH(I)
DHW(I)
DRHOC(1)
DTOR
DXW(1)
DYW(I)

DZW(1)
ESC

ESCP

ESCT

EO
ETA
EWGHT

GB

GP

GS

GT

Array containing wire and junction currents for a ¢—polarized
in-fdent wave.

Array containing wire and junction currents for a O-polarized
incident wave.

Length of geuerating curve segment I (meters).

Length of wire segment I (meters).

Length of normalized radial segment I on the caps,

n/180°.

x coordinate variatiorn for wire segment 1 (metera).

y coordinate variation for wire segment I (meters).

z coordinate variation for wire segment I (meters).

Array containing electric neav-field radiation components of

ﬁ(r‘) in the x, y, and z directions [Equations (46-50)] stored in
ESC(1-3), respectively. Used in BOTRA.

Array containing electric near-fileld scattering components result-
ing from a ¢~polarized incident wave {[Equations (46-50)}]. Used in
BOTSCB.

Array containing electric near-field scattering compoments result-
ing from a 6-polarized incident wave [Equations (46-50)]. Used in
BOTSCB.

Input array for slot antenna excitation [Equation (39)] (page 14).
n o=/ 7 = 376.707 Q.

Array of weights used for impedance loads on the edges.

Array containing the integrated Green’s function kernel Gm,n
{Equations (A-8) to A~12)]., In BOTZSS, G is symmetric with only
the upper triangular portion stored by columns from index 1 to

(NP - 1)*NP/2.

Gi,j is stored in location G[i + (] - 1)*3j/2] when 1 < j.
Array containing the integrated Green’s function kernel‘EQ’n
[Equation (A-6a)]. See variable G for storage details.

Array containing the f.elds for the NT radiation angles

to compute ¢-polarized gain.

Array containing the integrated Green’s function kernel self-terms
on the caps.

Array contain!ng the fields for the NT radiation angles to

compute O-polarized gain.
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Gl -

G2 -

GlE -

G2E -

Ho -

HSC -

HSCP -

HSCT -

IEDGE -

INDJW -

INDTJ(I) -

INDTW(I) -

INDW -

IPLANE -

15 -

At R N o e L8 st TR

Array contailning the integrated Green’s function kernei Gm
‘for caps and wires.

Array containing the integrated Green’s function kernel Gm
for caps and wires.

Ar:;ay containing the integrated Green’s function kernel Gm
for edges.

Array containing the integrated Green’s function kernel Gm
for edges.

Array containing the integrated Green’s function kernel
for the magnetic near fields [Equation (52)].

Array containing the integrated Greeu’s function kernel
for the magnetic near fields [Equation (52)].

Array contajning magnetic near-field radiacion components in the

X, ¥, and z directions [Equations (32)-(56)]. HSC = ﬁ(r’). used in

BOTRA.

Array containing wmagnetic near-field scattering components
resulting from a ¢~polarized incident wave. HSCP = ﬁ(r’),

used in BOTSCB.

Array containing magnetic near-fieid scattering components result-
irg from a 6-polarized incident wave, HSCT = ﬁ(r‘);

used iw BOTSCB.

Indicates whether the BCT generating curve is open or clcsed,
IEDGE = 0 for closed and 1 for open.

Input array indicating which points in the wire array are junction
points (page 12).

The wire ssgment index at which the I-th junction half triangle
function starts.

The wire segment index at which the I-th wir: triangle function
starts.

Input array indicating the wire indices at which each of the NW
wives start (page 12). '
Input array indicating whether corresponding elewent of array ANG
18 a 0 or ¢ angle (page 15).

Input array for specifying location of slot antennas. [See
Equatlons (36)-(39).] (page 13).
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IUNIF

Ko
LC
LC2
LE

LS
LSS
I
LwJ

MORD

NANG

NBAND

NC
NE

NJ

NMODE

-

Indicate wiiether the BOT generating curve has uniform or nonuniform
segmentation,

IUNIF = 1 for uniform segmentation and IUNLF = (0 for nonuniform
segmentation.

NP - 1.

Total number of two~dimensional triangle peaks on the caps.

2*1C.

Total number of triangle peaks on the edges.

(NPR-3)/2 = the number of triangle functions omn one of the caps in
the radial direction.

Order of each Zm,n submatrix. LS = NP - 3.

LS*LS.

(NPW-3*%*NW)/2 = the total number of triangle functions on the wires.
LW+NJ.

Mode number m.

Two~dimensional array that indicates the order in which wires and
cays have been added to the system matrix. MORD(1)=0 if caps are
not contained in the system matrix. If caps are contained in the
system, MORD(1) :-cntains the pseudo mode number corresponding to
the location of trw caps in the system matrix (i.e., MORD(1)=NMODE
if caps were added first, and MORD(1)=NMODE+]1 if caps were added
eecond). Similarly, MORD(2)=0 if wires are not contained in the
system matrix, and if wires are contained in the system matrix,
MORD(2) contains the psuedo mode number for the wires.

Mode number n.

Input variable. Number of fixed radiation or scattering angles
(page 15).

Input variahbie, Number of submatrix diagonal bands usged in 27}

BOT
(page 9).
Number of caps.
Indicates whether cap/edie terms are included. NE=0 {f edge terms
are nst present, and NE=NC if edge terms are present.
Number of junctions,
Number of triangle functions on the BOT generating curve.
NM = (NP-3)/2.
Input variable. Number of nonnegative modes (page 9).
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NM2 QOrder of each Zm,n submatrix. NM2=NP-3,

NM4 ~ NM*4.

NP ~ Number of pointe oun the BOT generating curve. (See Section 2.3.1.)

NPR ~ Number of radial points on each cap.

NSP ~ Input variable. Number of diagonal bands used in BOT impedance
matrices (page 9).

NPW - Total number of points on the wires.

NSA ~ Number of slot antennas on the BOT.

NT - Input variable. Number of radiation and scattering angles (page
15). :

NTEST ~ Input variable. Number of test points for near-fields (page 16).

NW - Number of wires.

PHII - ¢ angle for the incideat wave (degrees). PHII = ¢1 in Equation
(43).

PHIR(K) - ¢ angle for the radlated fields (degrees). PHIR(K) = ¢t in

Equation (32).

PHIS(K) =~ ¢ angle for the scattered fields (degrees). PHIS(K) = ¢S in
Equation (43).

RADD(I) =~ Radfus of the I-th junction disk (meters).

RADJ(I) ~ Radius of the I~th junction wire (meters).

RADW(I) ~ Radius of iI-~th wire (meters).

RBP - srray containing the mode-independent portion of the BOT R§¢ and

Rz¢ matrices (i.e., with the a term removed) resulting from a ¢-
) polarized incident wave. The order of storage is

{(R;¢)i, 1 = 1 to N4} followed by

[R¥"),, £ = 1 to i} .

RBP can contain ;he transfer matrices for several (¢, 6) angles.

In this case, the starting index is offset by a nultiple of Z#NM.

RBT ~ Array containing the mode-independent portion of the BOT Rge and

R:e matrices (i.e., with the & term removed), resulting from a ‘ ?

6-polarized incident wave. The order of storage 1is

{(Rﬁe)i, 1 =1 to NM} followed by ' !
{(RE%), 1= 1 to W) .

As in RBP, the starting index can be offset by a multiple of §

2%MM.
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RC(1)

RC1(L)

RCP

RCT

RHOC
RHOC1
RWp

RWT

RWGHT

spc(1)

SPP
SPT
STP
STT
SV(I1)

- Radial distance from the center of the cap to the I~th BOT point

(meters).
- Radial distance from the center aof the cap to the I-th BOT segment
(meters).
~ Array contairing the cap/edge transfer matrices resulting from a
¢-polarized incident wave. The order of storage is
{R}*, 1 = 1 to LC} followed by
{R%®, 1 = 1 to LC} followed by
{R§¢, i =1, LE}.
RCP can contain the transfer matrices for several (¢, 6) aagles.
In this case, the starcing index 1s offget by a multiple of 2*LC+LE.
—~ Array containing the cap/edge transfer matrices resulting from a
6-polarized incident wave, See variable RCP for storage details,
~ Input array of normalized radial coordinates on each cap.
- Normalized radial courdinates for the radial segments on each cap.
- Array containing the wire/junction transfer matrices resulting from
a ¢-polarized incident wave. The order of storage 1is
(&%, 1 = 1 to Wi} followed by
(RY?, 1 = 1 to N3},
RWP can contain the transfer matrices for several (¢, 8) angles.
In thig case, the starting index is offset by a multiple of LWHNJ.
- Array containing the wire/junction transfer matrices resulting from
a 0-polarized incident wave. See variable RWP for storage details.
— Array of weights to be used for p-directed impedance loads on the
caps.
~ Sine of ¢p angle for BOT generating curve segment I. (See Figure 3
of Volume I). Used when caps are present,
- Array containing ob® for the NT scattering angles [Equation 43)].
~ Array containing °¢6 for the NT scattering angles [Equation 43)].
~ Array containing °9¢ for the NT scattering angles [EBquation (43)].
- Array containing 066 for the NT scattering angles [Equation (43)].
- Sine of v_ angle for BOT generating curve segment T, (See Figure 2
of Volume I.) [Equation (A-3).] SV(J) corresponds to v on
segnent J, °
- Array containing the values of the triangle functioms Tt.
T[(K ~ 1)*4 + p] contains the value of the k-th trianglg function
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TBE

TCE

TCR

TCT

TEXC
THL

THK(K)

THS(K)
TS

TP

TPBE

TPCE

TPCR

TPCT

TPJ

TPW

TWGHT

over the p~th segment forming ft. 1 < p < 4. (Figure 2, Volume
1].

Array countaining the values of the edge half-triangle functions on
the BOT.

Array contalning the values of the edge half-triangle fuuctions on
the cap.

Array containing the values of the radially directed triangle
fuanctions-on the caps for p-directed currents.

Array containing the values of the radially directed triangle
functions on the caps for t-directed currents.

lnput array indicates t-excitation on slot antenna (page 14).

9 angle for the incident wave (degreea)., THI = ei in Equation
(43).

8 angle for the radiated fields (degrees). THR(K) = er in
Equation (32).

8 angle for the scattered fields (degrees) {Equation (43)].

Array containing the values of the junction half-triangle
functions.

Array containing the values of i;. The storage method 18 the same
as for T,

Array containing derivatives of the half-triangle functions in the
TBE array with respect to Z.

Array containing derivatives of the half-triangle functions in the
TCE array with respect to p.

Array containing derivatives of the triangle functione in the TCR
array with respect to p.

Array containing derivatives of the triangle functions in the TCT
array with respect to p.

Array containing derivatives of the half-trianglc functions in the
TJ array with respect to wire length,

Array containing derivatives of the triangle functions in the TW
array with respect to wire length.

Array containing the values of the triangle functions on the wires,
Array of weights to be used for t-directed impedance loads on
either the BOT or caps.,
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U

UXJ,UYJ,JZJ ~ Input arrays containing the x, y, and z components,

UXJ1,UYJ1,UZJ1 - Acrays containing the x, y, and z components, respectively,

UXJ2,UY¥J2,UZJ2 - Arrays containing the x, y, and 2 components, respectively,

V8

W

XB
X81(D)
XC
XJ(D)
XTEST
XW
XAL(1)
Y

YB
¥Y81(1)
1C
YJ()
YTEST
W
YW1(ID)
z

ZBE

Ze(1}
ZE(D)

~ Array coantaining the values of T:. The storage method 1s the name
as for T.

~ Imaginary number i.

respectively, of the normal vector to each junction disk.

of one of the orthonormal vectors on each junction disk.

of ore of the orthonormal vectors on each junction disk. ?
-~ Array of BOT voltages corresponding to mode N. VB(K) contains t-
directed voltages v:i on triacgle functicn K. VB(K + NM) contains

z-directed voltages V: on triangle function K [Equation (37)].

- Array of wire voltagesf

- Input array of x coordinates for BCT (page 9).

- x coordinate for generating curve segment I (meters).

- X coordinate oI cap center (meters).

~ x coordinate of the I-th jurction point (meters).

-~ Input variable for near-field test point x” in r” (page 16). 3

- Array of x coordirates for the wires (meters).

-~ x coordinate of wire segment I (meters).

- Array containing the Ym,n submatrix [Equation (41)]. In the
near—-field analysis, however, Y contains the measurement matrix ZM. j
Ym,n is stored by cclumns,

- Input array of y coordinates for BOT (page 9).

- y coordinate for generating curve segment I (meters).

- y coordinate of the cap center (meters).

- y coordinate of the I-th Jjunctien point (meters).

~ Input variable for ncar-field test point y° in r” (page 16).

- Array of y coordinates for the wires (merers). -

- y coordinate of wire regment I (meters).

- Array containing the impeaance matrix stored by columns.

- Array of z coordinates for the edge term on the BOT surfacz
(meters).

- 2z coordinate of cap 1 (meters).

- 2z coordinate where the edge term for cap I terminates on the

BOT surface (meters).
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ZEXC
231
M

ZTEST
Ay
ZW1(I)
ZWGHT

Z071)
Z1(1)

- Input array indicates z~exciratlion on slot antenna (page 14).

- z coordinate of the I-th junction poiat (meters).

- Array containing the electric and magnetic modal current coeffi-
clents for near-field calculaticn [Equations (47), (52)}. ZM uses
the same storage location as the Y matrix, which ie of order Ls,
stored by columns. Rows 1 througn 3 of ZM cuntain the M-th modal
current coefficlents for the electric near-field components in the
%, y, and z, respectively, at the point (XTEST, YTEST, ZTEST).
Similarly, rows 4 through 6 of ZM contain tie M-th model current
coefficlents for the magnetic near-field components in the x, ¥,
and z directions, respectively.

- Input varisble for near-field test point z° in r* (page 16).

- Array of z :ocordinates for the wires {meters).

z coordinate of wire segment I (meters).,

‘Array of welights to be used for z-directed impedance loads on the
BOT.

Starting z coordinate for slot antenna 1 (meters).

’

Ending z coordinate for slot antenna 1 (meters). '
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